This paper examines the risk-return trade-off in Spain during the last 15 years. The study is developed in a multi-factor framework where not only the market risk is considered but also potential changes in the investment opportunity set. Although previous studies find no clear evidence about a positive and significant relation between return and risk, favourable evidence can be obtained if a non-linear relation between return and risk is established. Despite the importance of the intertemporal hedging component in the risk premium demanded by investors, the evidence obtained is independent of the choice of the proxy used. Different patterns for the risk premium dynamics in low and high volatility periods are obtained, both in risk prices and risk (conditional second moments) patterns.
Introduction
The relation between expected return and risk has motivated many studies in the financial literature. Most of the recent asset pricing models are based in this fundamental trade-off, so understanding the dynamics of this relation is a key issue in finance. One of the first studies establishing a theoretical relation between expected return and risk is the Sharpe (1964) and Lietner (1965) CAPM model. These authors proposed a positive linear relationship between the expected return of any asset and its covariance with the market portfolio; in other words, the expected return of the market portfolio is proportional to its conditional variance. This static model has been analyzed empirically in several studies obtaining no clear evidence about the sign and significance of this relationship (Campbell 1987) , Harvey 1989 , Glosten et. al 1993 . Merton (1973) proposed an extension of this model adding a second risk factor in the relationship that may improve the static CAPM model. The market risk premium in the Merton's model is proportional to its conditional variance and the conditional covariance with the investment opportunity set (hedging component). This framework established in a time-continuous economy is an extension of the static CAPM model assuming a stochastic set of investment opportunities. The expected market risk premium in equilibrium is:
where ( ) · J is the utility function (subindex represents partial derivatives), ( ) , 1 t M t E R + is the expected excess market return, 2 m σ and mb σ are, respectively, the conditional time-varying. However, to make this model empirically tractable one must make several assumptions; the most common is considering constant risk prices (Goyal and SantaClara 2003, Bali et. al 2005) . Another common assumption made in the empirical analysis of the risk-return trade-off is considering a set of investment opportunities constant over time, the market risk remaining as the only source of risk (Baille and Di Gennaro 1990, Glosten et al. 1993 ). This assumption leads to the validation of the static CAPM model. It is also necessary to assume specific dynamics for the conditional second moments. The most common are the GARCH models (Bollerslev 1986 ).
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Finally, the empirical model is established in a discrete time economy instead of the continuous time economy used in the equilibrium model of the theoretical approach. Many of the empirical papers studying the risk-return use one or more of the assumptions explained above.
The great controversy in the empirical validation of the risk-return trade-off is motivated by the disappointing results obtained about the sign and significance of this relation. There is no consensus about whether these results are due to: (1) wrong specifications of conditional second moments, Guo and Neely (2008) , Leon et al. (2007) ; (2) misspecifications of the empirical models caused by the omission of the hedge component, Scruggs (1998) ; (3) both causes. However, another potential problem related with the empirical validation of the risk-return trade-off is the assumption of a linear relationship between return and risk. Some authors (Whitelaw 2000 , Mayfield 2004 ) are concerned with this point and develop alternative theoretical models for the risk-return trade-off where non-linear patterns are included through regime-switching models. The equilibrium model in Whitelaw (2000) is slightly different from Merton's approach. A more complex, non-linear and time-varying relation between expected return and volatility is obtained. Whitelaw also remarks on the importance of the hedge component in the determination of the risk-return trade-off in his non-linear framework.
This study tries to shed light on the empirical validation of the risk-return trade-off. Although there is a large literature focused on the empirical validation of the ICAPM model, there are only few studies using multi-factor models that consider the hedge component 3 . Furthermore, the main empirical approach used in the literature is the GARCH-M framework, which assumes a linear relation between return and risk. The weak evidence obtained in the existing literature could be due to a misspecification of the empirical model in terms of the dynamics for conditional second moments, by the omission of the hedge component, or by the assumption of a linear relationship between return and risk. Therefore, we incorporate all these features in our empirical models to analyze what are the key issues to consider in the empirical models that let us obtain favorable evidence as theoretical intuition suggests.
The main contributions of this paper are the following: Firstly, this study analyzes the risk premium evolution in Spain during the last few years. Secondly, it proposes a multi-factor model (considering a stochastic set of investment opportunities) where both the risk prices and sources of risk are state-dependent, allowing us to consider nonlinear relationships between them. Thirdly, it shows differences in the patterns followed by risk prices and conditional volatilities in different states. This non-linear framework allows us to distinguish between low and high volatility states.
Generally, the following results are noteworthy: a) The empirical results show that the risk price values are lower in high volatility states and the conditional volatility is more persistent in low volatility states. b) Favorable evidence for a positive and significant risk-return tradeoff in Spain is obtained, noting that the relevant aspect for this evidence is the assumption of a non-linear relation between return and risk, although the hedge component is also important in this framework.
This paper is organized as follows. Section 2 provides the data. Section 3 develops the empirical framework used in the paper. Section 4 gives the main empirical results and Section 5 concludes.
Data description
This study uses 720 weekly 4 excess market returns from the Spanish market, including observations from 1 January 1996 to 15 October 2009. The excess market returns are computed using the quotations of the IBEX-35 index, first obtaining logarithmic returns 5 and then subtracting from these returns the risk-free rate. Following Leon et al.
(2007) the market money rate suitably compounded at the weekly frequency is used as the proxy for the risk-free rate. The choice for the proxy used as the hedging component against changes in the investment opportunity set are the followings rates for the Spanish market (Bali and Engle (2009, a,b) use these proxies for the American case): 1-year Treasury bill, 3-year Treasury bond, 5-year Treasury bond, 10-year Treasury bond, an equally averaged portfolio with the previous 3 bonds and the difference between the yields on the 10-year and the 3-year Treasury bond. Thomson Datastream is used to obtain the data about the stock index, International Financial Statistics for the data corresponding to the risk-free rate and AFI for the data about the proxies used as the intertemporal hedging component. Table 1 shows the main summary statistics for excess market returns and the intertemporal hedging alternatives rates. All series included in this study present non-normal unconditional distributions with strong evidence for skewness and kurtosis. This result suggests fat tails in the unconditional distributions. Furthermore, all series exhibit conditional heteroskedasticity problems (serial autocorrelation in square returns). With these serial patterns, the use of GARCH models to represent the dynamics of conditional second moments, which has a large support in the previous literature, is totally understandable. It is also observed that the temporal series in levels do not exhibit serial autocorrelation so the inclusion of any structure 6 in the mean equation is not necessary. Finally, the correlation matrix for the different proxies shows a low correlation between the excess returns of the market portfolio and the potential alternative investments. This result shows that the last series could be considered as proxies reflecting the alternative investment set available to the investors. Due to the lack of consensus in the literature about the best proxy representing the alternative investment set (Scruggs and Glabadanidis 2003 , Whitelaw 2006 , Bali 2008 , this study uses the different assets shown above which present different characteristics (in their terms and maturity) and add robustness to the study.
Empirical methodology
This section presents the empirical models used in the study. The main contribution of this paper is the assumption of a state-dependent risk price and state-dependent conditional volatilities, which implies a non-linear relationship between return and risk, following the equilibrium model in Whitelaw (2000) . So, assuming bivariate GARCH dynamics for conditional volatilities, (more specifically, the BEKK model of Baba et. al (1990) , state-independent multi-factor models that establish a linear relation between return and risk are presented in Section 3.1, followed by state-dependent multi-factor models that establish a non-linear risk-return trade-off through regime-switching both in the risk premium and conditional volatilities, in Section 3.2. 
State-independent multi-factor model
This section presents a multi-factor model derived from Merton's (1973) As we explained above, it is necessary make an assumption about the dynamics of the volatilities in order to empirically validate the theoretical ICAPM model. To analyze bivariate relationships, one of the most used models in the literature is the BEKK model of Baba et al. (1990) . This model sets the following variance equation:
7 The asymmetric response of volatility to news of different signs (leverage effect) is not considered for two reasons: (1) there is no improvement about the significance of the risk-return trade-off in previous studies (Aragó and Salvador 2010) ; (2) the convergence of the proposed models is harder to achieve due to the inclusion of the new parameters. These reasons lead to the consideration of a more parsimonious model.
where C is a lower triangular 2x2 matrix of constants, A and B are 2x2 matrices of parameters, 1 t ε − is a Tx2 vector of innovations and 1 t H − is the lagged covariance matrix.
The model is estimated by the maximization of the QML function BollerslevWooldrige, assuming that the innovations follow a normal bivariate distribution
, which allows us to obtain robust estimates of standard errors.
where | H t | represents the determinant of the covariance matrix and the remaining terms have been defined above.
Regime-switching multi-factor model
This section introduces a new multi-factor model where both the risk prices and the conditional second moments are dependent of the state in the economy. In this case, we propose two states 8 . The consideration of regime-switching in the empirical relation allows us to obtain state-dependent estimations for the risk prices and conditional second moments. This implies a non-linear and state-dependent relation between expected return and risk.
The mean equation specification in this model is 2 , , 10 8 Previous studies considering three states (e.g., Sarno and Valente 2000) show that the third state only reflects odd jumps in the return series.The explanatory power of the third state is low and it is worthless in light of the difficulties of the estimation process that it produces. 9 We also estimate a restricted model where 21
It is assumed that the state-dependent conditional second moments follow a GARCH bivariate dynamics (more specifically, a BEKK model). 
The consideration of several states leads to a noteworthy rise in the number of parameters to estimate. In order to reduce this over-parameterization we only let parameters accompanying lagged innovations and lagged variances to be regimeswitching 10 . Furthermore, the difference among states is defined by two new parameters sa and sb that properly weight the estimations obtained in one state for the other state. Therefore, the state-dependent covariance matrices in our model are: 
where p and q are the probability of being in state 1 and 2 if in the previous period the process was in state 1 and 2 respectively.
Due to this state-dependence and the recursive nature of GARCH models, the construction and estimation of the maximum likelihood function would be intractable unless independent estimates for innovations and covariances were obtained. In order to solve this problem, we use a recombinative method similar to that used in Santos (1999) that lets us obtain state-independent estimations for the covariance matrix and the innovations weighting the state-dependent covariance matrix and innovations by the exante probability of being in each state. 
where H t and ε t are the state-independent estimations for the covariance matrix and the innovations
The ex-ante probabilities (the probabilities of being in each state in the period t using the information set at t-1) are (10.1) and (10. 
for k=1, 2 are the filtered probabilities (the probabilities of being in each state in the period t with the information set up to t). 
where the state-dependent likelihood function is weighted by the ex-ante probability of being in each state.
4.-Empirical results
This section presents the empirical results for the models proposed. We estimate the models explained in the previous section for the different proxies used as the intertemporal hedging component; models using the 1-year T-bill, the 3-year T-bond, the 5-year T-bond, the 10-year T-bond, the equally-weighted bond portfolio and the term spread are named .a, .b, .c, .d, .e, .f for brevity. Section 4.1 shows the results for the linear models (without regime-switching) in the two cases mentioned: general and restricted version. Section 4.2 explains the results for the non-linear multi-factor models (general and restricted), including regime switching. Section 4.3 describes the risk premium evolution in Spain during the last years according to each model and analyzes the reason for the differences between them. Finally, Section 4.4 performs some specification tests over the estimation residuals in order to detect any problems related with a potential misspecification of the empirical model.
4.1.-Multi-factor models estimations
The estimated models in this section are those introduced in section 3.1. The case without restrictions is named general model and the restricted version are the model where we assume constant risk premiums for the hedge component λ 21 = λ 22 = 0. The estimated parameters for the mean equation are presented in Table 2 . It is clear that most of the parameters in this multi-factor model are non-significant for the mean equation. The coefficients that reflect the market risk price (λ 11 ) are positive but non-significant in all cases considered. Similar results are obtained for the hedging component risk factor (λ 12 ). Table 3 shows the parameter estimates for the variance equation. These parameters define the dynamics and patterns followed by the conditional second moments. 1990) . Ignoring these regime shifts could lead to inefficient volatility estimations. Regime-Switching (RS)-GARCH models let us consider different states in the volatility, process as we explain in the next sub-section, and overcome this limitation.
4.2-Regime-Switching multi-factor models estimation
This section shows the estimations for the state-dependent models presented in Section 3.2. These models exhibit state-dependent risk prices and conditional moments. Table 4 describes the estimation for the state-dependent mean equation in all cases considered. As we explain below in Figure 2 , we can associate states 1 and 2 with low and high volatility periods respectively. Positive and significant estimations for the market risk price in low volatility states (λ 11,s=1 ) are obtained in all cases considered (for all proxies used as the intertemporal hedging component in the general and restricted version of the model) 11 . A positive and significant influence over the market risk premium of the risk price is also observed, representing the covariance between risk premium and hedging component (λ 12,s=1 ) in low volatility states. Generally, this covariance exhibits a negative influence in the total risk premium demanded (see Figure 1) . So, the product of the risk price times the covariance between excess market return and hedging component ( ) lower than the market risk premium. Only when the covariance is positive does the premium associated with the hedging component lead to higher values of the total risk premium regarding the market risk premium.
Figure 1-Covariance between excess market returns and the intertemporal component
11 The results for the intercept are also significant. Some authors (Ghysels et. al. 2005 , Leon et al. 2007 interpret this fact as market imperfections. Jan-96 Jan-98 Jan-00 Jan-02 Jan-04 Jan-06 Jan-08
Covariance between excess market returns and 10-year T-bond used as intertemporal hedging component.
Panel B of Table 4 shows the results obtained for state 2. Generally, a significant relation is not observed between expected return and risk in high volatility states. A positive but no significant estimation is obtained for the risk price (market risk (λ 11 , s=2 ), and covariance between market risk and hedge component (λ 12 , s=2 )). Moreover, the risk aversion coefficients in state 1 (corresponding to low volatility states) are higher than those corresponding to state 2 (high volatility states). This result suggests that there is less risk aversion in high volatility states. This finding is not consistent with the spirit of the theoretical models that suggests that higher volatility should be compensated with higher returns. However, Mayfield (2004) , Lettau and Ludvingson (2003) , and Lundblad (2007) found the same evidence: during high volatility states there is a decreasing level of risk aversion. One possible explanation could be the different risk aversion profile for investors in each state (Schmeling, 2009) . During calm (low volatility) periods more risk-averse investors are trading in markets, but in high volatility periods only the less risk-averse investors remain in the market because they are the only investors interested in assuming such risk levels, decreasing the risk premium demanded during these periods. However, the specification presented here may be confounding expected returns with realized returns, particularly in the less common high volatility states (corresponding generally with recession periods) often associated with low or even negative markets returns (Lundblad, 2007) . Table 5 shows the estimations for the state-dependent variance equations. Again, significant estimates are obtained for the parameters accompanying the shock impact (a 11 , a 22 ) and the persistence (b 11 , b 22 ) in the volatility formation in both risk factors. Most of the cross-relationships between factors (a 12 , a 21 , b 12 , b 21 ) in the volatility construction are non-significant, that is, shocks or volatility persistence in one factor has no effect in the other volatility factor. Furthermore, the volatility formation depends on the regime considered in this framework. For low volatility regimes there is observed a higher influence of the lagged variance (matrix B) even than the non-switching case (with values higher than unity in some cases). Moreover, in these states, there is also a lower impact of shocks (matrix A) in volatility formation. This result means that the volatility observed in a period t in a low volatility state is determined overall by the variance observed in the previous period and less by the shock occurring in period t. However, there is an increase of the shock influence in the volatility formation in high volatility regimes (determined by the product sa·A). There is also a decrease of the volatility persistence in these high volatility states (sb·B). In this case, the volatility observed in a period t in a high volatility state is less determined by the variance observed in the previous period and more by the shock occurring in this period t. These results suggest that linear GARCH models could lead to sub-estimation of volatility persistence in high volatility periods and over-estimation of volatility persistence in high volatility periods, where there is a higher presence of shocks in volatility formation (Marcucci 2005 ).
In addition, the non-linear multi-factor model lets us associate the different states that follow the volatility process with low (state 1) and high volatility (state 2) market periods. The median of the estimated volatility for state 1 are Jan-96 Jan-98 Jan-00 Jan-02 Jan-04 Jan-06 Jan-08
Probability of being in a low probability state for the case where the 10-yearT-bond is the alternative investment.
There are The smooth probability is defined as the probability of being in each state considering the entire information set. 
high volatility regimes govern again the volatility process. Despite these continuous changes in regime low volatility regimes show a higher presence during the sample period governing the volatility process. The number of periods where the volatility process is in a low volatility state (probability of being in a low volatility states is higher than 0.5) are 496 periods, corresponding to 69% of the total sample
The results obtained about the significance of the risk-return trade-off in both multifactor models suggest that the lack of empirical evidence in previous studies could be due to the strong assumption of a linear risk-return trade-off. Non-linear assumptions lead us to favorable evidence of the risk-return trade-off in low volatility states but we cannot obtain favorable evidence when a linear trade-off is assumed. We also obtain a significant impact of the intertemporal component in the risk-return relation similar to Whitelaw (2000) .
Summing up, we can only obtain favorable evidence for a positive and significant riskreturn trade-off for low volatility regimes (state 1). As the differences in the risk price show, there is a real risk-return trade-off in this 'dominant' state, but such a relation is not observed in secondary states (high volatility). The lack of evidence in the linear case could be due to the existence of several periods in the sample where there is not a riskreturn trade-off (corresponding to secondary states), causing a non-significant riskreturn trade-off for the whole sample. However, if we distinguish among states we can identify dominant and secondary states and identify a significant trade-off essentially in the dominant state.
4.3.-Risk premium evolution
This section describes the risk premium evolution demanded by the investors in Spain, distinguishing between what proportions of the risk premium correspond to each risk factor: the market risk and the hedging component. We compute the premium associated with the market risk by the product of the risk price with idiosyncratic risk 2 11 , m t λ σ for linear multi-factor models (and similarly for the hedging component premium). For the non-linear case, this risk premium is obtained using the statedependent market risk premium weighted by the smooth probability of being in each Furthermore, the total risk premium is essentially defined for the risk associated with the market. The percentage of the total risk premium corresponding to the hedging component is relatively small for the linear model. More specifically, over the total risk 15 We use the median rather the mean of the conditional second moments as a proxy for the average nondiversifiable risk in each period because it is less affected by outliers. 16 The descriptive statistics for the risk premiums are not shown but they are available from the authors upon request.
premium estimated, only 95.5% and 74% of the premium are due to the market factor in the linear and non-linear multi-factor models respectively.
In order to detect the differences in the risk premium between the models proposed, Figure 3 presents the evolution of the differences between the total risk premium obtained in each model 17 . Jan-96 Jan-98 Jan-00 Jan-02 Jan-04 Jan-06 Jan-08
Differences in the total risk premium estimated using linear and non-linear multi-factor model.
A similar evolution of the total risk premium is observed in both models during low volatility states (2002) (2003) (2004) (2005) (2006) (2007) . However, non-linear models exhibit higher estimations of the risk premium during high volatility periods (such as 2000-2002 and 2008 periods) . According to this evidence, the assumption of linear patterns in the risk-return trade-off could lead to underestimations of the risk premium in high volatility periods.
4.4.-Specification test
This section performs several specification tests in order to check the adequacy of the QML estimations of the multi-factor models. The first part of the table shows summary statistics for the standardized residuals of the estimated multi-factor models. The mean value is around 0 in both cases with a standard deviation nearly to 1. The two cases (linear and non-linear) exhibit good properties. A reduction in the skewness and kurtosis of the residuals is observed compared to the original series. An even higher reduction is observed in the skewness and kurtosis in the non-linear case, suggesting a more accurate description and fit of the conditional second moment dynamics. The Ljung-Box test performed over the standardized residuals reveal a lack serial autocorrelation neither in levels nor in their cross-products. It is also removed the original heterokedasticty problem present in the original series.
The bottom of the table presents two moment tests to analyze the consistence of the QML estimations performed (Bollerlev and Wooldrige (1992) ). These authors explain that, even in deviations from normality, consistent estimations are obtained if The results obtained do not reject the null hypothesis assumed about the considered value of the two first order moments. These results confirm the consistency of the estimations of our models even for deviations from normality.
5.-Conclusion
This paper analyzes empirically the risk-return trade-off for the Spanish market using several proxies for the alternative investment set. We propose two multi-factor models considering conditional second moments according a bivariate GARCH specification in a linear and non-linear framework (using a model with regime-switching GARCH). The results show that only a positive and significant risk-return trade-off is obtained in the non-linear case and only in the states governed by low volatility process (State 1). The evidence suggested in the theoretical intuition is only observed in the 'dominant' volatility states. The weight of the hedging component in the risk premium is less important than the market risk factor although the former has also a significant impact in low volatility periods. However, it is found no favorable evidence either in the linear framework or in secondary volatility states (high volatility). Strong assumptions of a linear relation between return and risk could lead to model misspecification and an inability of the empirical model to capture a significant risk-return relationship since the existence of periods where a risk-return trade-off is not observed could lead to nonsignificant estimation of this relation for the entire sample.
The risk premium evolution in Spain is close to the market volatility. The risk premium demanded for the investors presents a higher value than other sample periods during 2000-2003 and 2007-2009 (coinciding with crisis periods). It is also observed a lower risk price during high volatility periods than the observed in low volatility states. The investor profile in each context may also have influence in this lower risk aversion coefficient during high volatility periods although this approach may be confounding realized (often lower even negative during high volatility states) with expected returns. Despite the decrease in the risk price, there is an extremely rise in the market risk that lead to higher risk premiums during the high volatility periods. The two multi-factor models also estimate noteworthy different risk premium during these periods. Nonlinear models estimate higher risk premium during these periods, although for the rest of the sample the estimations are quite similar. Furthermore, the linear framework presents higher persistence of volatility shocks in the volatility formation during low volatility periods (and vice-versa) . This fact is corrected with the introduction of the regime-switching, obtaining lower persistence volatility estimation in high volatility periods and higher persistence volatility estimation in low volatility periods.
In sum, the non-linear framework presented here shows an improvement about the empirical evidence of the risk-return trade-off in Spain not only about the significance of the relationship but also in the estimated risk premium in high volatility periods.
